Background: Sedentary behavior (SB) is associated with poor cognitive performance. However, the contribution of sedentary time to risk of mild cognitive impairment (MCI) remains unclear. This study assessed the association of SB with MCI in six low-and middle-income countries. Methods: The Study on Global Ageing and Adult Health (SAGE) survey included 34,129 adults aged ≥50 years [mean (SD) age 62.1 (15.6) years; 51.7% females]. SB was self-reported and expressed as a categorical variable [ < 8 or ≥8 h per day (high SB)]. The definition of MCI was based on the recommendations of the National Institute on Ageing-Alzheimer's Association. Multivariable logistic regression analysis was conducted to assess the association between SB and MCI. Results: The overall prevalence (95%CI) of MCI and high SB (i.e., ≥8 h/day) were 15.3% (14.4%-16.3%) and 10.1% (9.0%-11.3%), respectively. After adjustment for potential confounders, being sedentary for ≥8 h/day was associated with a 1.56 (95%CI = 1.27-1.91) times higher odds for MCI. A one-hour increase in SB was associated with a 1.08 (95%CI = 1.05-1.11) times higher odds for MCI. Conclusion: Our study results highlight the need to further explore a sedentary lifestyle as a potential risk factor for MCI or subsequent dementia. Longitudinal and intervention studies are warranted to confirm/refute the current findings.
Introduction
Dementia is one of the main causes of disability and dependency in the expanding older adult population worldwide (Wimo et al., 2017) . Currently, it is estimated that approximately 50 million people worldwide are diagnosed with dementia, and this figure is projected to increase to 132 million by 2050 (Prince, 2015) . The prevalence and incidence of dementia is increasing rapidly in low-and middle-income countries (LMICs), placing immense pressure on the social and economic systems in this part of the world (Wimo et al., 2017) . Specifically, the proportion of those with dementia residing in LMICs are expected to increase from 58% in 2015 to 68% in 2050 (Alzheimer's Disease International, 2015) .
The greatly increasing numbers of people with dementia in LMICs are attributed to the increase in life expectancy and the concurrent rise in other modifiable risk factors, such as unhealthy lifestyle behaviors (Ferri and Jacob, 2017; Prince et al., 2009 ). Since there is currently no treatment available to alter the clinical course of dementia significantly (Cummings, 2004; Kaduszkiewicz et al., 2005) , identifying modifiable risk factors in the precursory stages of dementia is considered a priority to prevent or delay the onset of dementia (Livingston et al., 2017) . Specifically, mild cognitive impairment (MCI) is considered to be a preclinical state of dementia (Albert et al., 2011) for which targeted interventions may be possible. Previously reported potentially modifiable risk factors for MCI include factors such as low physical activity levels, obesity, diabetes, and hypertension (Lara et al., 2016) .
In the past decade, sedentary behavior has emerged as an important risk factor for various health outcomes in adult populations (Keadle et al., 2017) . Sedentary behavior refers to any waking behavior characterized by an energy expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, reclining or lying posture (Tremblay et al., 2017) . It is associated with a range of deleterious outcomes such as diabetes, cancer, cardiovascular diseases, and premature mortality, largely independent of physical activity (Biswas et al., 2015; Powell et al., 2018) . More recently, there has been growing interest in its relation with mental health. For example, recent meta-analyses have found a positive relationship between more time spent sedentary and depression (Zhai et al., 2015) and this was also independent from physical activity levels. While a systematic review (Falck et al., 2017a) showed that sedentary behavior is also associated with lower cognitive performance, none were specifically executed in MCI and therefore the attributable risk of sedentary time to MCI still remains unclear.
To the best of our knowledge, the only study on this topic to date found that Canadian community-dwelling people with MCI (n = 82) (at least 55 years old) spent a greater number of ≥30 min bouts/day sedentary per day than those without MCI (n = 69) (4.1 ± 1.8 versus 3.3 ± 1.7, p = 0.046) (Falck et al., 2017b) . However, this study was conducted in a limited geographical area in a single high-income country and was of small sample size, limiting generalizability to other settings. Furthermore, it remains to be explored whether more time spent sedentary is associated with a higher risk for MCI. Given that there are no multinational, community-based, or nationally representative studies on the association between sedentary behavior and MCI, and that there are no studies on this topic from LMICs, we aimed to assess the association between time spent sedentary and MCI among adults aged ≥50 years in six LMICs using data from the WHO Global Ageing and Adult Health study (SAGE). We included the middle-aged (50 ≤ 65 years) in this analysis as intervening in mid-life has been reported to be important to prevent the later onset of dementia (Alzheimer's Disease International, 2014; Gottesman et al., 2017; Johansson et al., 2010; Kivipelto et al., 2006) . Exploring the association between time spent sedentary and MCI in LMICs is of particular importance given the increasing rates of sedentary lifestyles (Christensen et al., 2009; Vancampfort et al., 2017a) and dementia and cognitive impairment in this part of the world (Prince et al., 2016) . Next to this, there is a lack of knowledge regarding the risks associated with sedentary behavior in LMICs (Pengpid et al., 2015) . Furthermore, the continuing dearth of studies from LMICs also highlights the gap between where research is conducted and where the largest public health impacts of sedentary behavior occur (Sallis et al., 2016) .
Methods

The survey
Data from the SAGE were analyzed. These data are publically available through http://www.who.int/healthinfo/sage/en/. This survey was undertaken in China, Ghana, India, Mexico, Russia, and South Africa between 2007 and 2010. These countries broadly represent different geographical locations and levels of socio-economic and demographic transition. Based on the World Bank classification at the time of the survey, Ghana was the only low-income country, and China and India were lower middle-income countries although China became an upper middle-income country in 2010. The remaining countries were upper middle-income countries.
Details of the survey methodology have been published elsewhere (Kowal et al., 2012) . In brief, in order to obtain nationally representative samples, a multistage clustered sampling design method was used. The sample consisted of adults aged ≥18 years with oversampling of those aged ≥50 years. Trained interviewers conducted face-to-face interviews using a standard questionnaire. Standard translation procedures were undertaken to ensure comparability between countries. If a respondent was unable to undertake the interview because of limited cognitive function, a separate questionnaire was administered to a proxy respondent. These individuals were however not included in the current study. The survey response rates were: China 93%; Ghana 81%; India 68%; Mexico 53%; Russia 83%; and South Africa 75%. Sampling weights were constructed to adjust for the population structure as reported by the United Nations Statistical Division. Ethical approval was obtained from the WHO Ethical Review Committee and local ethics research review boards. Written informed consent was obtained from all participants.
Mild cognitive impairment (MCI) (outcome)
MCI was ascertained based on the recommendations of the National Institute on Aging-Alzheimer's Association (Albert et al., 2011) . We applied the identical algorithms used in previous publications using datasets including the SAGE with the same survey questions to identify MCI (Lara et al., 2017; Lara et al., 2016; Vancampfort et al., 2017b) . Briefly, individuals fulfilling all of the following conditions were considered to have MCI:
(a) Concern about a change in cognition: Individuals who replied "bad"
or "very bad" to the question "How would you best describe your memory at present?" and/or those who answered "worse" to the question "Compared to 12 months ago, would you say your memory is now better, the same or worse than it was then?". (b) Objective evidence of impairment in one or more cognitive domains: was based on a < −1 SD cut-off after adjustment for level of education, age, and country. Cognitive function was assessed through the following performance tests: word list immediate and delayed verbal recall from the Consortium to Establish a Registry for Alzheimer's Disease (Morris et al., 1989) , which assessed learning and episodic memory; digit span forward and backwards from the Wechsler Adult Intelligence Scale (The Psychological Corporation, 2002) , that evaluated attention and working memory; and the animal naming task (Morris et al., 1989) , which assessed verbal fluency. (c) Preservation of independence in functional abilities: was assessed by questions on self-reported difficulties with basic activities of daily living (ADL) in the past 30 days (Katz et al., 1963) . Specific questions were: "How much difficulty did you have in getting dressed?" and "How much difficulty did you have with eating (including cutting up your food)?" The answer options were none, mild, moderate, severe, and extreme (cannot do). Those who answered either none, mild, or moderate to both of these questions were considered to have preservation of independence in functional activities. All other individuals were deleted from the analysis (935 individuals aged ≥50 years). (d) No dementia: Individuals with a major cognitive impairment that precludes the possibility to undertake the survey were not included in the current study.
Sedentary behavior (exposure variable)
In order to assess sedentary behavior, participants were asked to state the total time they usually spent (expressed in minutes per day) sitting or reclining including at work, at home, getting to and from places, or with friends (e.g., sitting at a desk, sitting with friends, travelling in car, bus, train, reading, playing cards or watching television). This did not include time spent sleeping. Sedentary behavior was assessed as a continuous variable (hours per day) and also as a categorical [ < 8 or ≥ 8 h per day (high sedentary behavior)] variable. The eighthour cut-off was chosen as previous research indicated that being sedentary for ≥8 h/day in the general population is associated with a higher risk for premature mortality (Ekelund et al., 2016) . This measure has been shown to have excellent convergent validity in grading a plethora of psychosocial variables (Vancampfort et al., 2018; Vancampfort et al., 2017a) .
Control variables
The analysis adjusted for a number of potential confounders which have been reported to be linked with both MCI and sedentary behavior (Lara et al., 2016; Vancampfort et al., 2018) . These included sex, age (years), years of education, wealth quintiles based on country-specific income, depression, obesity, number of chronic physical conditions, and low physical activity. Questions based on the World Mental Health Survey version of the Composite International Diagnostic Interview (Kessler and Ustun, 2004) were used for the endorsement of DSM-IV depression. A stadiometer and a routinely calibrated electronic weighting scale were used to measure height and weight respectively. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Obesity was defined as BMI ≥30 kg/m 2 . The total number of seven chronic physical conditions (angina, arthritis, asthma, chronic lung disease, diabetes, hypertension and stroke) was summed per individual. Diabetes and stroke were solely based on lifetime self-reported diagnosis. Blood pressure was measured three times with a one-minute interval with the use of a wrist blood pressure monitor. Hypertension was defined as having at least one of: systolic blood pressure ≥140 mmHg; diastolic blood pressure ≥90 mmHg; or self-reported diagnosis. For angina, arthritis, asthma, and chronic lung disease, the participant was considered to have the condition in the presence of self-reported diagnosis and/or symptom-based diagnosis using algorithms. Specifically, the validated Rose questionnaire was used for angina (Rose, 1962) , and other previously validated symptombased algorithms were used for arthritis, asthma, and chronic lung disease (Arokiasamy et al., 2017; Moussavi et al., 2007) . The Global Physical Activity Questionnaire (Bull et al., 2009 ) was used to assess levels of physical activity. The total amount of moderate-to-vigorous physical activity in a typical week was calculated based on self-report. Those scoring ≥150 min of moderate-to-vigorous intensity physical activity were classified as meeting the recommended guidelines (coded = 0), and those scoring < 150 min (low physical activity) were classified as not meeting the recommended guidelines (coded = 1) (World Health Organization, 2010).
Statistical analysis
The statistical analysis was performed with Stata 14.1 (Stata Corp LP, College station, Texas). The analysis was restricted to those aged ≥50 years due to the age-related nature of MCI. We conducted multivariable logistic regression analysis to assess the association between sedentary behavior (exposure) and MCI (outcome) using the overall sample (i.e., age ≥50 years) and by age groups (50-64 and ≥65 years) as previous studies have shown that the risk factors of MCI may differ between mid-life and late-life (Baumgart et al., 2015; Lara et al., 2016) . Total sedentary behavior was included in the model as a continuous variable (hours per day) and also as a categorical variable [ < 8 or ≥ 8 h per day (high sedentary behavior)]. We also conducted countrywise analyses using the sample including all individuals aged ≥50 years with high sedentary behavior as the exposure variable.
The regression analyses were all adjusted for sex, age, years of education, wealth, depression, obesity, number of chronic physical conditions, low physical activity, and country with the exception of the country-wise analysis which did not adjust for country. Country adjustment was done by including dummy variables for each country. < 4.7% of the data were missing for the variables used in the analysis, therefore imputation was considered unnecessary. All variables were included in the models as categorical variables with the exception of age, years of education, number of chronic physical conditions, and sedentary behavior when used as a continuous variable. Complete-case analysis was performed. The sample weighting and the complex study design were taken into account in the analyses. Results from the regression analyses are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at p < 0.05.
Results
The final analytical sample comprised 32,715 individuals aged ≥50 years (China n = 12,815; Ghana n = 4201; India n = 6191; Mexico n = 2070; Russia n = 3766; South Africa n = 3672). Sample characteristics are presented in Table 1 . Overall, the mean (SD) age was 62.1 (15.6) years and 51.7% were females. The overall prevalence (95%CI) of MCI and high sedentary behavior (i.e. ≥8 h/day) were 15.3% (14.4%-16.3%) and 10.1% (9.0%-11.3%), respectively.
The prevalence of MCI increased with increasing hours per day spent sedentary (Fig. 1) . Specifically, the prevalence of MCI increased from 13.5% in individuals who are sedentary for < 4 h/day to 21.3% among those sedentary for ≥11 h/day.
After adjustment for potential confounders, being sedentary for ≥8 h/day was associated with a 1.56 (95%CI = 1.27-1.91) times higher odds for MCI in the overall sample ( Table 2 ). The corresponding figures for those aged 50-64 years and ≥65 years were 1.34 (1.02-1.76) and 1.70 (1.27-2.28), respectively.
A one-hour increase in sedentary behavior was associated with a 1.08 (95%CI = 1.05-1.11) times higher odds for MCI in the overall sample (Table 3) , with similar estimates being obtained for the younger and older age groups.
Country-wise analyses showed that highly sedentary behavior is associated with MCI (OR 1.34-2.83) in China, Mexico, South Africa, and India although the result of Mexico was not statistically significant (Fig. 2) . 
Discussion
General findings
To the best of our knowledge, the current study is the first to demonstrate that more time spent sedentary is associated with a higher odds for MCI in six low-and middle-income countries which collectively, comprise nearly half of the worldwide population (Kowal et al., 2012) . More in detail, being sedentary for ≥8 h/day was associated with a 1.56 (95%CI = 1.27-1.91) times higher odds for MCI in the overall sample. Sedentary behavior was similarly associated with MCI in both the middle-aged and the older population. The strengths of the study include the large sample size and the use of nationally representative samples from six countries. Given the increase in risk factors for dementia (e.g., low physical activity, chronic diseases such as diabetes, obesity) and rapid aging, our study results highlight the need for further exploration of sedentary lifestyle as a potential risk factor for MCI and dementia in this setting through longitudinal cohort designs.
Interpretation of findings
Previous research suggested that a sedentary lifestyle has been associated with poor cognitive performance (Falck et al., 2017a (Falck et al., , 2017b Ku et al., 2017) . However, none of these studies were specifically on MCI. The potential mechanisms on how sedentary behavior may negatively influence cognitive function are not clear at this stage and future longitudinal research is needed to confirm/refute our findings. Nonetheless, it has been hypothesized that the established negative consequences of sedentary behavior on glucose metabolism, diabetes risk, obesity and cardiovascular disease (Biswas et al., 2015; Vancampfort et al., 2017a) , all of which are risk factors for MCI (Lara et al., 2016) , could potentially act to increase the risk of cognitive deterioration in older age. Also, the unfavorable inflammatory profile associated with sedentary behavior in older adults, including increased c-reactive protein, interleukin-6 and tumor necrosis factor alpha (Wirth et al., 2017) , could contribute to cognitive decline (Sartori, 2013) . Nevertheless, the current evidence regarding underling biochemical or neurobiological markers in older adults is still limited (Wirth et al., 2017) and future research is required. Next to these physiological mechanisms, there is a growing body of evidence suggesting that a sedentary lifestyle increases the risk of mental illness such as depression (Schuch et al., 2017; Schuch et al., 2016) , which is itself a risk factor that has been associated with MCI (Lara et al., 2017) . However, in the current study we did adjust for depression as a potential factor underlying the sedentary behavior -MCI relationship. Finally, environmental and socio-cultural factors including alcohol use habits might also affect the sedentary lifestyle -MCI relationship. We did find a moderate level of between-country heterogeneity in the association between sedentary lifestyle and MCI, however the exact reasons remain unclear and should be investigated.
Policy implications and directions for future research
Given the findings of our study and the wider literature from longitudinal research considering the deleterious impact of sedentary behavior on multiple health outcomes (Biswas et al., 2015) , it is essential that public health interventions should seek to limit the time spent sedentary and future studies should consider how such interventions impact cognitive function. Such campaigns and interventions could include messages on interrupting periods of prolonged sitting and specifically increasing light physical activity which has favorable cognitive benefits . Our findings also resonate recent clinical recommendations by Falck et al. (2017a) . The authors advice clinicians to promote healthy cognitive aging among their patients by recommending them to increase their physical activity levels up to ≥150 min/week, while concomitantly limiting sedentary behavior. Finally, although application of self-monitoring devices and alarms are not easy to implement among higher risk groups in low resource settings, a recent International mobile-health intervention on physical activity, sitting, and weight using light-weight, low-cost, non-interactive pedometers as a self-monitoring and motivational tool demonstrated reductions in sedentary time. In a 100-day program, participants were encouraged to increase incidental activity such as using stairs and avoidance of sitting. After 100 days, the time spent sedentary reduced in low-income countries by 0.73 h per day (95%CI = −0.75 to −0.70 h) and by 0.59 h per day (95%CI = −1.08 to −0.10 h) in middle-income countries (Ganesan et al., 2016) . Such interventions may be valuable to reduce time spent sedentary in LMICs, and assessment of whether they may also mitigate the risk for MCI or subsequent dementia is warranted.
Limitations
The current study results should be interpreted in light of several limitations. First, some individuals with mild dementia may have been included in our analytical sample owing to the fact that the study was not designed to make clinical diagnoses of dementia. However, it is reassuring that the prevalence of MCI in our study was within previously reported figures (Petersen, 2016) . Second, there is currently no consensus in terms of the acceptable level of functional impairment that individuals with MCI could present (Lindbergh et al., 2016) . We used a conservative definition for preservation of independence in functional abilities, which has been used in previous publications (Lara et al., 2017; Lara et al., 2016) , so as not to exclude MCI cases with disability not related with their cognitive ability. It is possible that the results may differ slightly depending on the definition used. Third, sedentary behavior was captured with a self-report measure, the accuracy of which has been questioned (Soundy et al., 2014; Stubbs et al., 2016) . Future research should utilize objective measures of sedentary behavior. Accelerometers-inclinometers are available that allow for valid and reliable assessment of sedentary behavior. However, the association between sedentary behavior and cognitive functioning may be dependent on the domain/type of sedentary behavior (e.g., cognitively active sedentary behavior, such as reading and internet use, versus cognitively passive TV viewing), an aspect that is not reliably measured with accelerometers. Therefore, a combination of both objective and subjective methods is warranted. Finally, because this was a cross-sectional study, directionality is unclear, causality cannot be inferred and clearly future longitudinal or experimental research is required to better understand the current relationships. An important cohort to begin with to understand the relationship on sedentary behavior and cognitive decline, is older people with subjective memory deficits who do not have any objective memory loss, but are at increased risk of converting to MCI or dementia in the near future (Mitchell et al., 2014) , since this may be the critical time to potentially intervene on modifiable risk factors for objective cognitive deteriorations.
Conclusions
In conclusion, our study results suggest that a sedentary lifestyle might be a modifiable risk factor for MCI in LMICs. If confirmed in longitudinal and intervention studies, low-cost interventions designed to minimize time spent sedentary might be a viable strategy to reduce the onset of cognitive decline and subsequent dementia in LMICs. 
